Introduction
On February 5, 1981 , at 5:30 in the morning, an increase in electrical current to an electrical panel in the Binghamton State Office Building (BSOB) in Binghamton, NY, led to an accident whereby fluid containing 65% polychlorinated biphenyls (PCBs) (Aroclor 1254) and 35% tri-and tetrachlorinated benzene leaked from an electrical transformer and contaminated the building. Dioxins and furans as well as biphenylenes were formed during a pyrolytic conversion of the chlorinated benzenes and PCBs. Soot containing these chemicals contaminated the entire building, which has not been used from that date to the present (February 1985) (1, 2) .
During the first few weeks after the incident, instances of workers being contaminated by and reacting to these chemicals were noted. Transient skin rashes as well as frequent headaches, insomnia and rare instances of peripheral nerve problems were also seen initially. Elevated serum enzymes consistent with liver damage not previously seen and not clinically attributable to an etiology other than the toxic chemical exposure were noted in some patients. This paper reports on the results of fat biopsies performed on a subset of patients who were exposed to dioxins and related chemicals and analyzed for dioxins, furans, and PCBs and of PCB patterns with respect to higher chlorinated PCBs, the hexa-and heptachlorinated PCBs, which are thought to remain in adipose tissue longer than the lesser chlorinated PCBs.
Three patients with liver pathology with onset dating after their exposure to the toxic chemical exposure, and for whom no other etiology could be established, had percutaneous needle biopsies and both light and electron microscopic examination performed. Clinically, after examination by an internist, a gastroenterologist and a preventive medicine/occupational medicine specialist working primarily on toxic chemical exposures, the three patients were felt to have liver damage caused by the chemicals in question. Because the liver, not the skin as is commonly thought, is the target organ of dioxins and related compounds in all animal species studied to date, the liver was of especial interest.
Animal toxicologic studies utilizing PCBs and dioxins has revealed certain morphological lesions in hepatic parenchymal cells at an ultrastructural level (3) (4) (5) (6) (7) (8) (9) . The BSOB soot has been fed to guinea pigs (10,11) at 1, 10, 100 or 500 mg soot/kg levels, and these oral toxicity studies showed certain untrastructural lesions similar to those desclibed previously for PCBs or dioxins. These included lipid droplets, mitochodrial alterations in shape and also cristae lined up parallel to the long axis, concentric membrane arrays, proliferated smooth endoplasmic reticulum, decreased rough endoplasmic reticulum and hepatocyte enlargement at all experimental doses given. Necrosis of cells and occasional polymorphonuclear or binucleated cells were also seen. Guzelian (12) , dealing with needle biopsies of human liver after Kepone or chlordecone poisoning, has also noted ultrastructural lesions similar in some ways to PCB or dioxin lesions in animals, especially with respect to mitochondria, and crystalline structure within mitochondria as well as changes in endoplasmic reticulum.
Methods
For light and electron microscopy, liver tissue was obtained by percutaneous needle biopsy from the upper right quadrant of the liver. Local anesthesia was used by the gastroenterologist obtaining the tissue and patients were observed as outpatients for half a day after biopsy with blood pressure and pulse monitored to detect 
Instrumentation and Experimental Parameters for Analysis of Extracts for TCDD
The sample extracts prepared as described above were analyzed for TCDD by using coupled gas chromatography-mass spectrometry (GC-MS) instrumentation.
A Perkin-Elmer Sigma III gas chromatograph was used, coupled through a custom-fabricated interface 
Results

Morphological Results: Hepatic Parenchymal Cells
The three patients, A, a 41-year-old male supervising engineer, B, a 35-year-old male maintenance worker and C, a 31-year-old male firefighter, were exposed to the chemical mixture of dioxins, furans, PCBs, chlorinated benzenes, chlorinated naphthalenes, biphenylenes, and biphenyl ethers in the course of their work. Each had been under the care of a different primary care physician, and, in one case, a gastroenterologist, before being referred for evaluation of persistent moderate elevation of previously normal liver enzymes, e.g., SGPT of 80 (normal 2-32), gamma-GTP of 122 (0-42), and complaints of fatigue. Detailed medical evaluation could not detect other conditions such as hepatitis, alcoholism, medications or illicit drug use responsible for the elevation of liver enzymes, gamma GTP, SGOT, or SGPT. Elevated triglyceride levels were also sometimes observed in these and other patients after this exposure. In addition, patient C, a firefighter, was noted to have had serum PCB levels of 21.4 ppb from blood taken 3/12/81, one month after the fire, and a level of 6.0 ppb in blood drawn 11/2/81, suggesting ingestion of PCBs which moved into adipose tissue and elsewhere PATIENT B. The overall appearance of the hepatocytes was normal. Each cell contained one to several fat droplets from less than 1 ,um to more than 10 ,um in diameter. Plasma membranes, bile canaliculi, nuclei and nucleoli were normal, and glycogen was abundant. The rough endoplasmic reticulum was prominent and the smooth form normal to somewhat prominent. Numerous giant or megamitochondria with crystalloid formation in the matrix were seen. Some were more than 10 i,m long and 5 ,um in diameter. Branching forms were also seen. Dense bodies were large and numerous in the mitochondria. Some of the normal sized mitochondria without crystalloid structures had cristae parallel to the mitochondrial long axis. A few membrane breaks were noted in outer membranes. The normal sized mitochondria had larger than normal dense bodies. Peroxisomes were normal.
PATIENT C. The overall appearance of the hepatocytes was normal. Plasma membranes, bile canaliculi, nuclei and nucleoli were normal. Small fat droplets and lipolysosomes 1-2 ,um in diameter were numerous in almost all cells. A few cells had larger fat droplets. Glycogen was abundant. The rough endoplasmic reticulum was sometimes dilated and increased in amount. Smooth ER was sometimes prominent. The mitochondria were normal in size and somewhat varied in shape with a few elongated and dumbbell forms and a few with narrow projections. About one mitochondrion in ten had one or more cristae running parallel to the long axis of the mitochondrion. A few outer membrane breaks were seen. Some of the lysosomes were were adjacent to or had incorporated what appeared to be fat droplets from which most of the fat had been removed. Peroxisomes were normal. Occasional myelinlike bodies were seen, but no classical concentric membrane arrays were noted.
The three cases show changes including mild steatosis, portal fibrosis and focal necrosis. At Light micrograph at higher magnification shows some of the lipid droplets, occasional double nuclei, and some swelling of cells.
x 2200. Illustrates the slightly dilated smooth endoplasmic reticulum, copious glycogen and the pleomorphic mitochondria (m) seen in all three patients, with bizarre shapes and branching structure. In some cases the mitochondria appear to be pushing against stacks of rought endoplasmic reticulum. x 9600.
FAT BIOPSIES FOR ANALYSIS OF DIOXINS
It should be noted that in animal studies, except for the Turner and Collins one-dose study (10) , frequently large doses of dioxins or related chemicals are given for long periods of time relative to the life span of the animal. The patients were presumably no longer ingesting dioxins and PCBs and related chemicals at the time biopsied in 1983, 2 years after the incident and at least 6 months after the last exposure from the contaminated building. We expect some deposition of these chemicals in liver and fat with slow release over time. We also know from Brandt's work with PCBs in rats that different PCB isomers migrate to different body tissues, such as lung, liver, kidney, and fat (13) . For most of the isomers in the Binghamton incident we have no data as to site of tissue deposition in humans, but assume that fat and liver will preferentially house certain isomers and their metabolites. Although it is not certain whether the morphological lesions described here are pathological (other than the necrosis) or physiological, it is important to note, as did Guzelian (12) , that ultrastructural characterization of liver lesions may characterize certain toxic chemical exposures in man and may provide us with pathegnomonic lesions to assist diagnosis. Guzelian also noted a return to normal hepatic ultrastructural morphology, in the case of chlordecone (Kepone), over time.
The lesion appears to constitute a sensitive although FIGURE 5 . Parallel stacked cristae (cr) parallel to the long axis of one mitochondria are seen with normal cristae and prominent dense granules in another mitochondria. These stacked cristae are suggestive of earlier work by Kimbrough. x 57,540.
perhaps not specific marker for exposure to these chlorinated xenobiotics.
PCB Pattern Analysis from Fat Biopsies
Wolff et al. (14, 15) , Masuda (16) , Moroni (17) and others have suggested that fat biopsies for PCBs, PBBs and related compounds including DDT and DDE should involve isomer pattern characterization in addition to merely measuring total amount present to estimate exposure as well as exposure to a specific PCB mixture, which could, in theory at least, permit differentiation between exposure to Aroclor 1254, 1242 or 1016. Following on this suggestion and knowing that higher chlorinated PCBs appear to remain in adipose tissue longer than lower chlorinated PCBs which are metabolized and excreted more rapidly in man, we analyzed a mixture of Aroclor 1254 and chlorinated benzenes for the hexaand heptachlorinated PCBs and obtained the pattern shown in Figure 8 . Of particular interest are the doublets or pairs seen between 250 and 350 on the mass spectrogram pattern. In examining the pattern obtained from a BSOB soot sample (Fig. 9 ) the doublet or pairing is again noted of two smaller peaks between the larger peaks. In Figure 10 prepared from patient C who was exposed to these chemicals when he took part in 248 FAT BIOPSIES FOR ANALYSIS OF DIOXINS extinguishing the fire we see a doublet smaller set of peaks between the higher peaks, suggestive of, or at least consistent with, exposure to the hexa-and heptachlorinated PCBs like those in Aroclor 1254 and also the Binghamton soot. However, Figure 11 , prepared from adipose tissue of a non-exposed patient, looks dissimilar to the previous patient, the soot, or the Aroclor 1254 mass spectrogram. Such "fingerprinting' may well be of great usefulness in ruling out exposure to a specific PCB incident, or in suggesting a "fingerprint" consistent with exposure to a specific type of soot pattern. Obviously, time after exposure, kinetics of the isomers, knowledge of the metabolites and their kinetics, tissues of isomer deposition and other related data would all contribute to the potential usefulness of such an approach.
Fat Biopsy Analysis for Dioxin and Furan Isomers
The analysis of human tissue, including blood, milk, urine, hair and fat to directly measure chlorinated organics, metals and other compounds has hong been considered useful in clinical medicine. PCB, PBB and DDT fat analysis have long been performed (14) (15) (16) (17) (18) (19) . In the case of furan and dioxin analysis, recent work suggests that 5 to 15 ppt of 2,3,7,8-TCDD and several hundred parts per trillion of 7-and 8-chlorinated furans and dioxins may be found in fat tissue in the general population in the U.S. and Canada (20) (21) (22) . Knowing that we had a group of patients who were recently exposed to dioxins and furans, we analyzed fat from a subset of the patients being followed by the senior author. Fat was taken from the gluteal region where 5 to 10 g were removed as a simple outpatient procedure, under local anesthesia.
The levels found and the levels of sensitivity of the method are shown in Table 2 , which illustrates the finding from a Binghamton soot sample and two patients, including the levels of recovery of radioactive-labeled internal standards. Although our approach included an attempt to match isomers found in fat with those in the soot to which the patients had been exposed 1 to 2 years previously, the analysis of multiple isomers served to decrease the level of sensitivity below that which would have existed had we elected to analyze for only one isomer, with our levels of detection as low as 1 ppt for TCDDs in blood and 10 ppt in adipose tissue ( Table 3) .
The highest level found by us, and to the best of our knowledge, the highest level of dioxin and furan contamination of human adipose tissue reported in the literature to date, was in an engineer who had worked in the contaminated building during the cleanup over an FIGURE 7. Illustrates the mitochondrial crystalline structures (C), a large mitochondrion, and a lipid (L) droplet. Crystalline structures were seen in mitochondria in two of our three patients and described as typical findings by Guzelian (12) in chlordecone-poisoned workers. x 35,000. Moving from right to left a high peak followed by two double lower peaks followed by a higher peak can be seen. A similar pattern can be observed of a high peak on the right-hand side, followed by two lower doublets and then another high peak. These presumably reflect hexa-and hepta-chlorinated PCBs. 
Discussion
This evaluation of a subset of patients being followed as private patients in an occupational medicine clinic setting demonstrates that PCB patterns suggestive of exposure to a given incident can provide evidence of exposure through a "fingerprint"-like pattern analysis or suggest lack of exposure to a given toxic compound by lack of such pattern.
Second, fat biopsies are simple outpatient procedures, easily tolerated, comparable to a dental visit.
They provide a means to resolve the question of whether or not serum PCBs adequately reflect body burden or might be "erroneously" high due to increased lipid in the serum. Also, these chemicals move rapidly into blood and then from blood into adipose tissue, liver, kidney, lung and other target organs so that unless sequential blood values are obtained, ideally starting before an incident but certainly immediately after and with considerable frequency and regularity for many months afterwards, it is difficult to interpret one or several serum PCB levels. Also, at this time fat biopsies are the only practical way to measure in the low parts per trillion range probably current U.S. "background" levels, and above or soon at parts per quadrillion (ppq) level, for the various isomers of furans and dioxins, and hence to estimate body burden. Fat biopsy results here seem to correlate well with (clinically estimated) exposure and also point out the necessity for analysing for multiple isomers. We also discovered surprising high 253 levels of contamination of adipose tissue in some patients not known to have been exposed to dioxins and furans, especially with the 7-and 8-chlorinated compounds, about which so very little is known at this time with respect to toxicity or lack of toxicity in humans.
Third, electron microsopic lesions similar to those previously described in animals after feeding experiments with PCBs or dioxins or in humans after chlordecone (Kepone) poisoning were found in human hepatic parenchymal cells after dioxin, furan and PCB exposure. These lesions, especially the mitochondrial alterations, pleomorphism, branching, giant mitochondria, crystalline structures within mitochondria, and cristae mitochondriales aligned parallel to the mitochondrial long axis and stacked in arrays may constitute a portion of a characteristic pathognomonic entity, hence a second, after positive fat biopsy findings, biological marker for exposure to dioxins and related compounds in humans.
NOTE ADDED IN PROOF: Recent improvements in chemical techniques have led to an almost exact matching of furan isomers found in soot from the BSOP, and in fat from an exposed patient (23) . Table  4 illustrates this correspondence.
